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(54) DATA PROCESSOR AND DATA PROCESSING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a vector 
conversion operation or an inner product operation 
using the floating points at a high speed and with high 
accuracy. 

SOLUTION: The result of an inner product operation 
or a vector conversion operation is obtained by giving 
eight floating points to four multipliers 220a to 220d 
for their parallel operations and adding together these 
multiplication results in parallel to each other via a 
single 4-input adder 226. A circuit 227 normalizes and 
rounds the output of the adder 226. Thus, an inner 
product can be calculated via the multiplication and 
the addition which are carried out once in parallel to 
each other. Then no rounding process is required for 
the double input in every product sum operation to 
shorten the latency of the inner product operation 
and to improve the arithmetic accuracy. Furthermore, 
just a single circuit suffices for normalization, etc., 
and accordingly the increase of the circuit scale is 

minimized. As a result, an inner product operation, etc., using the floating points can be 
performed at a high speed and with high accuracy. 
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[«NffW#©l61l] 

©3*5 > h ^7 b&;&tfIEMbiiuffl*2&£iiuIBv¥» 
■12 T v -< ^© m^j £ 3£?'J WtSn^L-r 5 ^ xmnw^ £ . 

[»*js2] nwaawsisttjec, **©*jh&t?*» 

*-sft^*©»^t:ttfitefcH*j*»Ru mm^xti 

^^©tij;b£+ 1 ^TO^r-VU— ££fi£bTx ft ©ft 
f¥*£*£*f b 2 ©*MMbJflS*fr3 fcfcfif 

$th-r sit sasiaaiR©^-* yu-tWo 

51/^^77^;^* U d©w^^^7 7"f ;k±bu 
ffiU — hfc&*JWfc«l*mfl6fc«ft©>'*>*S*r 
bTfiitS &©T*fc3 £ 4: fe«H«fci-S8il*S 1 Xt& 212 

RfflfflJESfl-fc <t o T n 5 "r— *? m ±© AftSt* 

fc**a*af-e-**©Tf**ci:*««i:-rsw*w 

^7v^77-f;i/ "T £> :r - * ©$# t hu HB^&fi^J 

(Df&frt&ntti b-c «n3fi^«»*^ bfu§2s*gpc# 

#Ae,tifc^-^©rt*^fljsB«»g(5{c>8»:^-B-, 
c ©rttt«ff©&j|l&iiu8Bl' ^7,^77^ 
3#4-*©**-0--f ^ttCtftftlSiaKSbSg 

ff**, jt»wc«»iiS8ffsn«*«©«nt-y--f 

t *tt s hu83 i/ *? ? 7 4 )V(Dmm uiw^ *sj© 
**tM * ;us:33W- * rt**»i£ifi£ mfi3 i/f7^77 



^©^•tM ^;i/©w-y^>>— *$ijw-r?)*)©T*fe 
* £ t sat -rs at 3 isis©^-* 7d -t * iTo 

05 t^T\ HUBBbv 5 ^^7r^;i/* i ?>©KB^aib^3?5l7j©^^ 
> ^ fC*f bT Jfe9"J85 tfT V\ BUHB 1/^^77^ ;u^n© 

#&<fr£— 73 <D)\ y <7 K#t bTff -5 »© u *3IiR 
®j»ftff a t)©T** % z. t. &<ftmt. -r*a»*a 5 ib«© 

10 [W«S7] wMVV7.^yr-( )V^J^y^7\z 1 6 
fla©L/i?X^<£#b, HU§B^*[Sii4<l^(t?>?l> HtiSa 
»aft/JMRj&ifl^tt 1 6 tr v V H^«*«Tf * 5 C i: fctt 
Mi: "T « »^ia 4 6 ©MtiiP 1 HiB*©^-^ 7*0 

15 C8t5Rifl8] hub3v?»'>I!S^-^ httHfc, Ag^ 

cttoTK»r«&»©»»'J*^^ftisw)isir«6as!i 

h^-s*>©T-fe»3, husb^jSt-*— ^«ix a 
n^#sabTS»-rs7^— h^*b> mu-^ws. 

25 fcltk mfE^llKT*— ^©'hRiSttTnlfry hfttfit»«i: 
^ ©rfJ-Mit^*t-r S^ffiC^-ttTHUBB^JK^— ^ (CJS 
T2.IES4:*S©fi^SI#-rs*)©-r**.»3x mfBB^TO 

[ Wstcll 9 ] h1jB2'J*^WT© n tT y b fc* tt 6 ±{4 
2 t:*y htt^lie©ft|Rft»wU mfSBffiiJffllgBttx tufB± 

35 **»l6*©^Stei:*©«l(C»S*S»lfl"rsu^ 

^77-f ;b© u v 5 ^ ^©aJK^^Jffli bTx HUt3^PSt/iS 

r lESta w*k©«* c#j t> ^ t & nfc U' a? ^ * 

fc««-r* *.©T-fe§C i:41^i:-r5W*iB 613*© 

40 [1*91 0] J*^*«*^»»'J*jS«TJ-¥*&*x4 

4 x 4©|*)*M#* H@©v?i&'J^^^T-HfT"aItg^ 

«HC^Pv^i: % 3©*Jf^Dy^lc«[||t*f*5 s -^* 

45 tt^WV>77,^77^;i/i£t^ 

^ttx »«/J*jiWR©lR»»©JIII»ftfTa 4fB©*ffg§ 
fc, *^©ft#^©tB73*S(tTT-7-Y^>h^7 b^ 
ffaT7-C^-i:> BUl37 , 7-f^©7'-5'f^>h£'7h» 

&wiEa^b1la©«a*ti^8B#»'J^»iWR©^B»»^:at-3 
50 ^T£fi£-rsffi»»3?i»fcs wm7^ji-<Dai±i*$m 
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ft»i 4 (an 5 m L-zmn-r z>mn* 1 fla©*?*^^ 

4 A*SD*^©tti^ ftg&EESfbliil©»Rfc£-5^TIE 
Sfl3-*-3IE*fb»i:*^aK huEI'^* 7 r-f 
❖ 16<@© b * ft^tf 2{1© U ^ M > * ft* U 

BJtaasjftff wtt-*©-'^ > * tan t) at ?>n> usia^ 

h;Hi«cn> ? tai 5 ^x £>fti> &©T*&s ' £ft 
c p u ft sc*^ * t- * s fufa 

try M^l?li'J«^ty hfcJS^Tfftt/NBuSl 

50-31$: SWf U huI3CPU{±huI3v?»'J^^-^ h* J 

v?aj'j^^5aa ft si^-r s »©^ 7 s — ^ ft f# s © 

tiftg&r FU^>y#uiftfT-5*>©-C-&tU lffi©^ 
ffi&m 1 755 1 1 ©Wi* 1 1 JHBaflJ©^— * yu-t y 

[8f*g 1 3] W*JR 1 2g3«J©7 ; -^7 , o-fe>y9- 
C©7 J -^7'o-fey-9-tiSe-&$tiHUl3CPUH < to 

Vf- * 7 d -fe y -9- C|g-&Sft& AtH^USS*: ft^A,T* 

fiK s & ©t- & 5 c t t -r £> v 1 — * ana ^ x =r a q 

[0 0 0 1] 

ftfttt* C HI" * *> ©T? ifc 3 o 
[0 0 0 2] 

[t£fc©«tfl5J BM£©Ib] 
te> »'K i@?l^S^¥fT^«;'&i:'^4x4© 



^¥ 1 0- 1 2 448 4 
****ife£*a©fcrt#WI*fc#Jffl-*-s - h#T-g- 

^5tfff©J:3&3*H©fl?J«#J«L^^T!*K ffi^r 

[0003] mmmm-mt, m-mmmt ut (ax 

B) +C©}!S*ftff&d *)©T-fc t), F1J^.{^ Micropro 
cessor Report, Vol.8, No. 15, November 14,1994, PP, 
6-9PA-8000 Combines Complexity and Speed tfiSW 
15 }iga.r:>> h*ffijLfz7'n-tvV-1b i 7rs£i\X^Z>&, « 

[0 0 0 4] Bjgjil/^hD^^^ (BIPB 

tt) , 1996.1. 15(No. 653), ppl6-17 {C «i 3 &rtffimmm 

ft i ^ v yizmm i^t^m^mmmmcD^x t3«* s fe 

20 -5. iftCBu SfliCB^/J^^T 1 -^©^* 

x 4©fT^Jft^-3fe^«s«ift 2-y--r ^j\yx-fsmx-^ 

3, hI3«;**lT^£. 
[0 0 0 5] 

25 u.k b^b*:^?>s ±f3«e 

*ttWT-tt> »»/JMR^»ftfflV> & 4 x 4 ©ffJU»JM> 
*S»ftii5^b-rSCi:C^^T^bfc. twctn 

¥C3e?>HbL&»&ta:, ^©(uss*i^©ttA* s « 

b<, ±8B!81©*lKS:t»ffi«sn*J:-5S:afeJllKtJ:2 

aKTf * -a T x 1ffi£<b fc ttPSI^© 

^fco Sfcx »2©AlKCf3<R©rtS*Ctt4x4©ffyiJ 

*Jt^bH:Ha*^lTv^s^ tf>v MS©'i>*;v^»*in 

5& v ^ £ ifi m <b if C $ n fe o 

[0006] *m%(DBmz.. mb'bm&M&m^itfj 
40 mmw^nmmm-^mit-r^^tifix-^^-^yv 

± v V ft Sttfcr S C i: * * . 

[0007] *»Ba©ai©Bfl9ttx i£]g§8Wfi©ti*ftfi& 

45 [0 0 0 8] #^HJ3©iiui3Mmc^ffl{fe©glftfc£f#|:fe 

^tt*iji«w©i3^v«(*iaiaA» few & s-e 

[0 0 0 9] 

[»Sft«¥*-rSfei*©^S!] *WC43^TWjj*3ft* 

50 fSfl8©^%fta«**©©iR5*iB*t:iiiw-i-nttTia 
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[0 0 1 0] -r&fc>*>> 5 s -* m-fey =M?H& 

v^T*JES■#■s^B»«a^B4:, man"? 4 ^©aifc'&aejy 

Wfctojrcs^AainJWBi:* SilE*X*4nl|tS©m* 
ft li&BlBftflSliilffliiftfc S-3 V ^ T iBHfls-r £ IE%4b8 £ 
ft^«*SftiMMMRjSUi=s' hfc«*.TjSS*>©T! 

& o 

[0 0 11] ffift©D^t»icJ:«j|lff, &J£JMgfc:J:& 
ailBe«©Jnl|Ci*Jfi5!KbS*i4Ci:fcJ:5» r-^7P 
■fe y IJ-tiU <t * rtfcfc* h rus&m. 

*ft]6»fln?S*. liaoMjiJW&jllJiswiraKc 
C.toTrtStft^toSCii:**-? 2A*t»-T 

s*m** «ic3tL»ftff 5 <k a JWostuBSfci^a* 

fe, 2A*c*r-i-**in«if*ft«H)«-r«'&©j:-5c 

m$fm&ifim&z tm»mmt>mm-fz 

b&^. b*>*K T-^rD-trym iEiifb^©fetf) 

©E»ft lfflffltAn«J:v^6, 0S&^©it^ft®^ 

[0012] wm^wu&m<Dmmw-&mwRmnmz& 

»©«F^K*6D-r, **fH»©*j«g*t»-rsw^ft 
^fi-rsw^jEafflft^*, ijET'^-f ^-tiT'^'f ^> 
hi>>7 Mg*ftas?fl«ifcK(EXtt^fite"Tfffi*-rs-bu 

* * ft* l»« HirEJHJMS*fc*r*- 4«P&**fi©» 
^fcttfiteHtfjftaJKU UtTE^AftftDJMgttllifESIIilt 

1 ftfT?*-vU-ft£j52bT, H©?il»iiSJflE*fb2© 
M»b®ffl ftf? -5 «t -5 K -T % <fc v ^ 
[0 0 13] SfltaJCJiSiUMtWft^-^SrfjKIMSJR 

£ , HtSggC «fc £ MFiJsgH© fcttC tt^Bftf-* ±X 

ifi u v 7 $ 7 7 4 )v& e> immajimmm t mm izm 

m&&v\/V7.s?mfe7j-ji\ ! <DVy bm.^m^^-r 

[0014] |*)«i}gi«C»g bfeil^N 45cJSrF©W* 
ft 5 1*1* m»tit^l ft 5 s - * 7° D -fe v tf ©tft^-fe 

«*«©«#&: «t o t^nsr-i? ra±©w**»ft 



£©«!»»«* iulB»»'J*iSl«r^ftlPHRbT, US'* 
* 7 r >f ;i/«H»*-r 5r-^ ©jE£#fttusBfi^*Sli¥ft^ 
bTSua3jg»gP(-#^, ^^ftfe^— *©l*rtSfti!ytB 
05 1!\ W*©*»l6»ftSWBUS?^^7T 

[0 0 15] fr*JIE*«*fc*BLfc»^ 9E«ff5<J4: 
^ h;i/t©*ft*»*^ Wi/aiftiRJMfr^ftf*-* 

10 jSa^yhtt, *^«ISfi©JES^-{z<toT*^n57 :r - 

tfr^ftjSPilSqlffi&ftWWaft^b, c©*J»Stt* huIBv? 
®)'MS^#^ft^bT, l/yx*7r'fA)Wet« 

5*— *©j«#fcffiffi*i!tffw©f£#fc ftifca b-r BuiBfi 
15 ^M^ft^utuEWffssfc-s*., -^^^tife^-^ort 

«tftl»E*SSBK*»3-e» i©rt**Ht©IS»ftfflE 

v 5?* * 7 w jt©jstflt-t»-'f ^ 

ft, 3M*fl9fc*»iai»«b^fTS#S. -ffliigs V- 
^ U is 7, ? t =r 4 7. =r 4 — */ a > V is 7 $ & r> X 

zftzn&omm-vj ^Mz^-f^muv is7>$>7 7 4 
MWii/lw*", ««©«*-!M*;uE:fcl:i-.6rt*» 

<&iKtoc, Hui3*^©sigtt)--r vfrwu- 
25 >^-ft$ijp-rn«<tv^ d©h&, mm&mm 

•y-j 7Mzjri^T, mUW7^7T4 ;i/A»5>©^m 

bft^#©^>7t>itb-c^js<3{-fTV\ Miai^;** 

7 r -f ;L"N©»ii^ft— #©m >7 CM bTff -5 «fc a t 

-rna, ??«j/j^^i/^x^©^i©^ft«id c i:* s r- 
30 ts. E^ 1 &^ a«©*^v>i» (£a*f??!k ^^b;^ 

;i/ft*ijffl-T5o 

[0 0 16] ^,to«:l/^^77>f;H!!)*Jffllt 1 
6 hH««»»^»jSli«r^©J:-5CW^^Ji«7 

&ottT-* ; r9^\-\z-ft\;xmmx*b*)s so, 
©id'su v— ^©*M^nfer— ^-^^f 1 ^— ©5^— 

40 [ 0 0 1 7 ] *fe, HOEaHStSKfiWR^-^l/^JHifiS 
©7>r-FMy^ll»ftiaJn-r4c:kk:j:i), SSHiS 
©ffiftWlft EM^W fcM *©#SS;HBBTf*«> 6 ft * «t 

45 ff SC^^T-gSo 

[0 0 1 8] 5 s — ^^DHrylfB:, 7Kl/^A^Mr 
-*^*C*6d£ftfc CPU ftSec**, Buf3f?»/J^ 
&zi.=.y Yimffir—Z rtXVLm&Ztu Buf2r?i&'J^ 
= v v (i l 6 tr y B^fi»ft/J^SoS^-fe y h ft 
50 fflfTv?«j/j^^aftHfT-r5. suiacputtBuia^ 
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£ftfc«fc?K Stt/J*ftjSUi.~v MiCPUi:Wlfc«fc-3& 
fifflKBtt T K 1/ > > K ft It b "T § - i: ft i^S 

bH3£ftftRJteKUTV>*. 
[0 0 19] 

*n5T-^7D^y1f ltt, 32tf^hRISC (Red 
uced Instruction Set Computer)^— ^fT^T^ft^ 

[0 0 2 0] CCD^-^^P-fe^lt lit »»'J«jS13. 
-*y h2S*no v?iM^/^~^ h2#«#ftfr5 

ltt**«31i6B (CPU) 3ft*U CCOCPU 

hu§BCPU3B:3 2 If ^ h^— 4 ft^UTiufBv? 

h 2«oi&&sftT^s. cpu3sw? 

U3*6f^^^r>aazy b 6tC^;L£>ftSo t^— 

7* ]*]✓ ft §• fuH3^— ^^r^^^j.^L^^ h 

7aif#^*^*y>j.^=*y h 6lt *^H^*«*^- 

r>i^-^ h Tli^-^fi^rJV hn-;WS-^ft^ 
$7e£ftSo tnM^-V yiszLOL- y h 6£;fc(j-S3r^ ^> 
liiiufB^;* ^ > hD-7 9£-^;?.?>ftSo t^— ^ 

S ^SP 7* ^ Hr ^ 0) tz » (D"r — * T K U ^ tt m IB ; * 

u ^ ^— ->3 w >^7x-X3> ho-7 
*©jaaia»i ovrnm/^ 1 ift^i/t88»sftTv> 

So HI 1 ic^^ftS^-^^o-tr^+Mt *ilSS^'J3 

[0 0 2 1 ] Hirfa»»'h»j»^~ * h (WT#C FPU 
k*«t4) 2ltfft^J^^^cr)^^^^^»J^e)7 ; 



*UT^ HUl3FPU2{t t^-^^t^ y^iJx;^ h 7 
<E>*^ ^i/a^€U (Ct*— * ^h7 IXIiii^^ s> 
ya^^U £>5r— ^ ft«» *" S fc &><D* ^'J7Fl/y 
05 >^l*^oT^^^o Cftlt FPU2CD^^EU • 

^°H«ftS5^-rsfc^T-$)So ^nfcf^AT, CP U 3 
fiFPU2 iCttfeoT y U StifftT Fl/^> 

>y-ra«aes*-rso Lfc^t, FPU2^u<i£ 

10 v?«J/J^^^lt CPU3MMM7F^y> 
^^e-Fftit^-h-rs^Stt^<, *CD«iBft^TC 
PU3#ftfit5o CPU3(iFPU2CD£#)fc:^U 
iy>ZT-#<D7^y^%ft?tzttX*te<, CPU3li£ 

tz, FPU2©fc«&ic»»/hSuja#^ftdtr^-r©^ 
15 S^^'J^ft^x^tSo *^liCPU3i:FPU2 
CD^^m^ii^ftT^n-K^ftSo CPU3lt 7 s 

T*^*ns«EiWDaft*ff-r*. CPU 3 It 

- F I t^WF P U^T-$»l»^l:(i, FPU 
20 2 CftfcoTlfft^^ 7Kl/y >yflQSft if ftfr5 0 
FPU2(t r3-FLfe^FPU^T'fe§l^ 

jc t±* ft£ ct o Tf&^ s ft 4 nm'm&mm ft -r 

So FPU 2 It T^-Flfe^CPU^ 

T-$>S^lCli^co^ft^-rSo 
25 [0 0 2 2] 0 2 tJiHuia^—^^nHr^-y-CDi&u^ 1 

^^ff^^^n§o cpui/^Hti 6*o^nfflL/ 
^^^ko-k7ft^-rso m^^-^j^>^u^ 

30 r 7©il^lcf^^. ^>^Wjft*«J»lcJ:oT*Jffl*n 

S o 

[0 0 2 3] FPUi/^^(i7D>Fn>^i:n7^ 
>'^>^ft*t"Sv'^>^lx^^^«fi!(ii:^ftSo ^u>h 
^^>^.ttl 6*©l^^^f 0~f 1 5ft*-TSo rty 
35 ^^*>^li^ftl-M^t-S 1 6*CDl^^^^b 0 — b 1 

sftwrso fijft<z)/t>^cDPs;^^ft*ijffl-ra*»t 

*^^ftSo FPUUy^^CD»-&tcliMK, 
»/JM»**^ft 38ff -T S i: S mfitort >#<D]si?X*& 
40 V-7I/^^Mr>f >f ^ — ^> 3 > L/S^^^ h b 

>^(Z)ly> ? ^^ f 0~f 1 5lt *«i7t-7^ 

R7t-7^b CD#»/J«ja»t» 8 V 
45 ^ (dO, d2, d4, d8, dlO, dl2, dl 
4) kSJx, ft«d##»lt7*- hT^^^ftS 
4jSc7>ftl*0^^ h;^— ^K*f UTI4 4*CD^^ 
1>VX* (V0, V4, V8, V12) £:2ftSo 
[0 0 2 4] FPU2hCPU3iaoTM? 
50 n53U--!r-*>3>l/^FPUCSWt5. - 
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©l/^FPUCIt CPU3i:FPU2toraT-0 

(86, itutB&l'^**fcfc3 2 tfy h 
[0 0 2 5] CFPU©*J6M 0 3CB:iiiriBFPU2© 

^n^^^-v^AAs^^nso FPU2it mm? 

S^J®g|5 2 3C«fc^T*j£Sn*. If7n>^2 2 

^77-f;i/2 1 ttH2TfiliWbfcFPUl/S?^^*d 

jHS[^D<y^2 2fc*fl/rtt8ffl©'J — bA 
[0], B[0], A[l], B[l], A[2], B[2], A[3], B[3]£# 
U II7'D^7 2 2*65*— **5tt4^-f 
XSWtS. Sl7"n>v^2 0lil'^^77^;i'2 1 
© U— h Ca^ajTJ^flS^— *MJ* 4 

C^-rs^x K^-f /S2 0 0 N r-^U44>?.iZ)A 
73Xt±U'^^^7T'l';i/2 1 fr<o<D&t>%mtRLTl'i/ 

2 0lSr*1-So 8^35 2 3 tt, ^^5*6««&* 

7"ds/^2 0, l/^^77-f;i/2 1Mi#7'u^7 
2 2^©M-rSc A* K7-fn2 0 OJ&tf-fel^* 2 0 
1 ©85iJ»ft^BusDrv&t«,oadCntlfc$OTg& 2 3 X-Bffi£ 

[0 0 2 6] EKJdttjflfT'D >j/^ 2 2©— 
5= }HSC7"D ^ 2 2{±, l/i'7,i'77'f;i'© , J-h , # 
-hA[0], B[0], A[l], B[l], A[2], B[2], A[3], B[3] 

(**i6'J — KjK— h**CA[n], B[n]fc*>8B-i-) 
*fflB'Jfcte-&-ra<&^*M&LaO, LbO, Lai, L 
bl, La2, Lb 2, La3, Lb3 (^£ft £{1^ 
P^ftLai, LbittEt) 4ffl©* 

fcL-Tffcl&JStiS. HUMS 2 2 0a~2 2 Odtt, 
Cfl«esnfc*«LRtW(SBRftftJ(CbT, ^©«M 
[0], M[l], M[2], M[3] (fiJlT#KM [n] fc* 
E-T) S(±i7a-rSc *M[0], M[l], M[2], M[3] 
it, ^tM^n577-ft2 2 1 a~2 2 1 dfcflfc 

[0 0 2 7] **©«9«»L a i , L b i JcflHSSft 
*#»'J*jS»©JS»»tt*^Jni|C»2 2 2 a~2 2 2 
dtttl&*n*- *fc> ^©if»Lai, Lbi 

c«i&*ni#*/i^susi»©w^aJtt*^#fBi«i»iw 

y-hE0Rl~E0R4lCftf&^n5. 
[0 0 2 8] ffigBftDftS 2 2 2 a~ 2 2 2 d, 
SIJRgB 2 2 3^t>'M»^ 224a~224 d mmM® 
35 2 2 8£#tJjg-f3. fiD»8§2 2 2a~2 2 2dttSIS 

fc««»t:*ri6aF*i.*»»'j«jSi»©ffl»«BJfeipjfb-c 

*©WE[0], E[l], E[2], E[3]£ttJ7J-f3<, S 

**br»s«b 2 2 3it mmmwL<D*\ e [ o ] , e [ 1 l 



E[2], E[3]fflfli>?.i7<Cti$Emaxi:btI« 
t5. M*§§2 2 4a~2 2 4dliEmaxHE 
[0], E[l], E[2], E[3]£8t»LT^#Ed i f 
f[0], Ediff[l], Edif f[2], Ediff 
05 [3] (ttTfCEdiff [n] fcfcffi-r) itu 
ffilS^Edif f [0], Edif f[l], Ediff 
[2], Edif f[3]tts huIBT^^^-2 2 1 a~2 2 

1 dlz XZT^xf Yi>>7 MRftfBHW-i"*. UfcjPo 
T\ #T^-f^-2 2 1 a~2 2 1 d©tti7aMa 1 n 

10 [0] , Main [1] , Main [2] , Main 
[3] (filTUCMaln [n] £:£§B-f) it, Steffi 

|REmaxtJi6b&Wtt«ftl*r3Cli:Cft*. C©i? 

C, ffiSJge 2 2 8(t suBBM^E diff[0], Edi 

ff[l], Edif f[2], Ed i f f [3]ic«toTmj 
15 ?377-ft2 2 1a~2 2 1d©77'f^>hi'7M$ 

fcftjrrSfcJW:, jE«ftBll©}l»Emax6»«/|v» 

jsra©«»«ica£-3^T£j«-r3. 
[0 0 2 9] ButBSNWiiawy- feor l~EOR 
4 , mmmmmv- t- e o r 5 ~e o r sAim&m 

20 SWS 2 2 5 ttftrejflJSffi 2 2 9 4. f&B»fl&fl9 

itaffiy- hE0Ri~E0R4 nmmttimmzttfo 
$n«»»'JM»ja»©w^ajftA*bT, 
©*©«^*!pjs-rs. *i^*iifcw^s [o] , s 

[1],S[2],S[3] fcHfr&»**aJ 2 2 5 KTal 
25 IBEmaxCjSf S- o#Smax h bTjItR£tl§<> 
ilBf^S [0] , S [1] , S [2] , S [3] tttt 
ilf?^ S m a x i:©-»4«fiHifl«j|fi31«iy- b E 0 R 5 
~E0R8 tCfcoTWE^ftS. WMlInv 
[0], Inv [1] , Inv[2], I nv [3] 
30 (ttTftlnv [n] £<bi&-t) itMfolrZT? -i + 

2 2 1 a~2 2 1 dCttj&S^ WAM^gSI nv 
[0], Inv [1] , Inv [2], Inv [3]** 

mm% "l" Ol^Ctt77'f7-2 2 1 a~2 2 1 d 
It, *tJfc-*-**tM [n] &SteUT(±i7jMal n [n] 

35 £fl£f£-f3o ^fl(i*M [n] ft 2 ©*»£***•«& 
»©SuMai:^*xi>o Cffl<fc-5C, ff ^#13135 2 2 9 
te, **©flifl£g§2 2 0 a~2 2 0 d 3 v?*J 
'h»Aa»©WF*CJi&&T, lEMMhfn<Dn^SmeLxRV 
z <DW5 SmaxMtS #*»«©36IHg* C»-r 5 

40 ffflnv [n] S^fiR-TS. 

[0 0 3 0] 4A7J*DffS2 2 6 t±, wMT"7-<±22 
1 a~2 2 1 d©tB7jMa 1 n [n] £3£?iJI$&;:A7J b 

Inv [n] j&Hftt&Sfti. P*ffl{±^j£-T ^tfs 4A7J 
45 iD*S 2 2 6 (i, «Fia2©*tttflS©f!f«ffl* I fi : t>*ltV^ 
3tB7jMaln [n] C3»*L-T*©«Tffifc: + 1 fSfc 
*!)©®S^buI3^I nv [n] 
[0 0 3 1 ] 4 ATJiQPS 2 2 6 ©ffiTjM a c mfcfc, IE 

50 ©ESS 2 2 7 lt» MiZIE®,1bm<DimE m a x i:iDStB 
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TjMa c mfc^S m a x £ lzm~3^-CIEffi,itt5 £ViE 

ftSiMM*MSl»fcJU A[0] • B[0] + A[ 1] • B[ 1] 
+ A[2] • B[2]+A[3] • B[3]0*»*JMS*4:S 

[0 0 3 2] 15 (CfcMfcfcJiScaftffi 2 2 3 O—mim 
£;fl3o iuIHE [1] £E [0] #*/|>Jfctt» 2 2 3 0 
fc«fcoTtttfc£*U *£v^* J -fel^#2 2 3 1T-SI1R 
I^KiCx E [3] hE [2] #*/Mt«»2 2 
3 2fc.fcoTJfc«;Sftx *SV»#jB*-fel/**2 2 3 3t 

^/htt«E»2 2 3 4-TfJ±*E*#V *S^#**-fe 2 
2 3 5T-3WR£*x£o -feW* 2 2 3 5 (Dfctf&ffiWiE 

[0 0 3 3] E 6 CfctEF^iltrcSB 2 2 5 CD— 
So 25 OiiHUlBS [1] XfcfcS [0] 

JRU -feU** 2 2 5 1 tisuIBS [3] XfctS [2] ft 
SJRU -bUir* 2 2 5 2fcfc-lrU** 2 2 5 0 ©tB^/X 
tt-fel/** 2 2 5 lOHi^jftaiR-rS. *V^^2 2 5 
0~2 2 5 2©^IWW«^tiaiu8B*'J*Jfc«*2 2 3 
0, 2 2 3 2, 2 2 3 4 ©Jt^W^gJIIM^M a x C n 
t 1 cnCcfcoT. EmaxtLtllR^nfc: 

[0 0 3 4] milZitT^-i ±2 21a (221 b~ 2 
2 Id) OHdi^ShS. ^7^221 OfcfcM [n] 
&A7JU Edif f [n] (UotTv'f ^>b^7 
btt (WhKs* MR) 4«M»Sh5. 2 2 10 

©tBTjii-r >m-* 2211 T'Kmzn. -r wt— * 2 

2 1 l©m73X«i«>7^ 2 2 1 0©aj*f#lnv [n] 
tJ;oTtl/**2 2 1 2T-SS?^n, ilfR^ftfcffi* 5 
Main [n] h£*i£o 

[0035] 0 8 icfcfc 4 XMQW^ 22 6 ©-#l#^£ 
ix*. £©4A7jJ)0JK§2 2 6tt, tfj±t«fc£©*0 (ffl 

tH77) i:ffi±tf (^^u-tbTj) fcfe*+-»;-«#ip» 

S71/-f 2 2 6 0 7?8'J*£3R«>x * V V -l£tf*aj¥§§ 2 
2 6 1 T-fi^©ffiftf#2>a#^^T-«T±(f ©esft®®^ 
■ti-SHB&J&JC&^rrS. 3©4A77iin»S2 2 6 Cio 
TW^tlSffiMacmiiATjObTy b$C&;:*fbTftA2 
try b 6, 4A7JiUDSLg§2 2 6 JC A 
A^nStMaln [n] tfrpfc»2 hW^iSSRjP 

jBsnr*+<j-«fiFiniHg7 , n' 226 ocwi&sn 

[0 0 3 6] 18tc*JV>Ts Bui3 2©fflSt'fb©fc«)©^ 
ffll (+1) tt3Kv h©*^ 'J-JI^C in [0] , 
Cin [1] , Cin [2] {CioTfrfrftS. tujiE© 
KB8*»e»B86*"S:J:a«Cx »«i«»2 2 5ttS [n] 
©|*|©£mA>— o£)liR"f Inv [n] 

©<j>&< fct>— "o" fc*ii4. tto 



T, 2CD«ftfl3eD»ftttMain [n] © 1*1© 3 fflWT 
CLfr&feS:^. Ctl^Uin©i)50Ry-h2 2 6 
2, ORy-h 22 6 3, AND • OR^-b 2 2 6 4 
T-fetlSo 09(3{ilnv [n] ©{BlC*fUTCin 
05 [0] , Cin [1] , Cin [2] ©SK t>f#£fi#^ 
ZtlXlS*). cnCiottS^Kdi.toi:, Cin 
[2] fctlnv [2] tlnv [3] ©'>&< * 

"r'oti t^witt "rcsn, cin 

[1] fcfclnv [1] tlnv [0] ©'J>&<fcfc— IS 
10 tffftSfil " 1 " <Db.ZK.1tmm " 1 " K Cin 
[0] fctlnv [1] fclnv [0] I&Wilnv 
.[2] tlnv [3] *»ttfc§«l« "1" CDt*t»a 
fit "1" KSftS. 

[0037] no tc titular «j -ummmr 1/ -f 

15 2 2 6 0h*+ ';-ejtanlH82 2 6 1 ©P*fflfc§§3I#f 
ffiCD-^J^Sfta. HUB 3^ -V'J — «#*DJ¥S7U-Y 2 
2 6 0lt firCftUlfiaFnJ&V^, «^Cffl©4-2 3>7- 
H>t (4-2 COMP) 2 2 6 5Ci-3t*jl3il 
■So **®4-2a>7 , U?'1J-2 2 6 5 8:121 1© 

20 (A) C0JwSix*.k-5fc5Aa (I 1~I 4, C i) 
fc3W* (S, C, Co) S^TTS. tU^jCo 
ttPS©±tfifb:>y hOtlr'J-AACiCftlltSfeJ!), 
4-23>7*V>>^2 2 6 5f£4jE©tfy M 1~I 4 
ftSPgc-TSo Sfi^©Jn*cai7a. Ci±^©*D#fc: icT 

25 ^rS^'J— UWJ"C*S. 4-23>^^226 
5©ttJT*(i, C oA^C iioBc^L&OfflT-, MSHt-tu 

'J — {Siifct&^o 00 *B! 1 fl© 4-23>7 , l/f^ 
2 2 6 5HU Ell 1© (B) t^flSioC, 2fli 

30 hu wtfwiasftttv^ (c) izmm^titz^^y 

U^MUXS 3flafflV^-C*JEj£^nS. fft. 4-23> 

^tfWSiifi *£?) TECHNICAL REPORT OF IEICE ICD94-1 
35, DSP94-91 (1994-10)© h ^ > j;^ ^ • 

35 ri/^-9-*afflbfc«ElU5 4x5 4i;y hflMIS (»73 
~79H) *s$.So 
[0 0 3 8] 11 OfcfcM^T, **04-23>7l'i' 
U-2 2 6 5fcHu HtiBBTv-f ^-tHTaMa 1 n [0] ~M 
a 1 n [ 3 ] CSItS H— IfrffiB© Kfh OnFffiW* 6 

40 JB*4try h#(4Tfi»tit&*iiTV^S. Main [0] 0 
~Maln [3] OfctMaln [0] ~Maln [3] 
fc43ttSftT(4©4 tf^ ^Sra^l*b•rv^So Huie^r-v U 
-gfCin [3] ttgT(4©4-2n>7"l/>v+J-2 2 

6 5©*+ u-A^ig^c icw&ns. Suta^-^u 

45 — e»flIIM8 2 2 6 1 tttRRfflra^ADllS 2 2 6 1 «t 

dr^U-tB7jtt±te©^P#§§©*-V'J 
-A7Ji:^n-So ^AP@g|©-*©*PfitA7J(i 4 - 2 ^ 
^ V2 2 6 5©S!fcH73Si:;*ft, *>a— ^©»D» 
A7J(i— o±{i(C|EM^nfc 4 - 2 3>7*U7f 2 2 6 
50 5©** V-ttitjChZftZo mllS^^ U— fi-sfC i n 
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[ 2 ] &m.-rttL<ni&mn%i<D-i5<Di)mxtim i %t. ut 

^f>n> SuE^y-e^Cin [l] fiST{£©£ 
[0 0 3 9] El 1 2 l;iii/^x^77>f )V(D—m7n y 

c tt u 5>x * r©* u # msSfflfitfdc* 5 ^ * tv 

o 

[0 0 4 0] ^^^77^1/2 1{£. «Hc»JR*n& 
Ell 2fc*s<*ixS ±5C4I©l/^*^;i/- 7° 
FR-Gr. [ 0 ] ~FR-Gr . [ 3 ] £ * U , ^1/^^^^- 7TR-G 
r.[m]J±H 1 3\C^tl%^o^4M(OU^^mSSFR 
[m], FR[m+4], FR[m+8], FR[m+12]£*rr£o Ell 
3C^TmttO~3©fi»-Cfc£« ^(DUi>7,^M 

mzm i 4tc^^n^ct^^, ^u> hM^^^y* 

> ^ ^ffl^c-r 5 tz&<D— M CO V V7» ^FRJ[n] , FRK[n] 
£^-T£o EI 1 4£;*5OTn(±0~ 1 5CDfi»t-ft5o 
l/^X^FRJ[n], FRK[n]CM"j-S#a*.|6f^©*i^ttff 
^Write[n]C<fcoT-£*&n£. i: Sixa- 

in * ttfi^Bank£ J: o tfflix^-^ #3WK SftSo 
l/^*FRJ[n], FRK[n]©W±^*&Mn], Q[n]<£>*t/fo 
tt{s^Baric£<fcoT-fel^* SL 1 , S L 2 T*5£S&C«J 
»*.nIIBK**tS. H13CjSSftSJ:5ClIOl/^ 

[m], P[m+4], P[m+8], P[m+12]i±, 2 tf y b GDfg-^ReadA 
M £ D-fel/^* SL 3T*Mtl^lf@^M^n^-htC 
«toTiH?R[M]t:»iRqriBK:*n, HStt:2trv h<Dlg 
■WteadBfc J;Dtl/^^SL4 TM^ftfrlffliWaiRSftS 
ihlc:J:oT« : FB[m]t:«ttqIiefc:sn4o ^V7,9 9 
;i/-rcD^?Q[m], Q[m+4], Q[m+8], Q[nri-12]ttM"9Rea 
dAfcJ:oT©J»*ixa-trU^^ S L5-SL8TV^ 
^*fflK31tR**i4- HuIB"trl/^^SL5, S 
L6, SL7, SL 8©m*fc*^©l/^;**^;i/--:7 
0ffl*R[3], H[2], R[l], ECOltttffi^EeadTypeKio 
Tf6OT£ix£"fel'^*SL9, SL10, SL11, S 

[3], A[2], A[l], A[0]©tti;fci:<*ftSo lfcA s oT, 
U — KsK— hA[3], A[2], A[1L A[0]*>&BU Ell 5 fc 

^stis«t-5Cx ^#(i7?4<B©»i&/j\ 

<i ❖ (D U V 7, $ HB^5 o^ij fl«j £ 

7©a*B[3], B[2], B[l], B[0]tt*©**U-F>K— 
hB[3], B[2], B[l], B[0]£>fcB*;i:£tl£o Lfc#o 
X, >J-K*-hB[3], B[2], B[l], B[0]*e>HU Ell 

— b Ctti^CDU^^^^l/— ^©U1*B[3], 

B[2L B[l], B[0]#lg9HeadCfcctoTHrU^^SL 1 
3-ejM?S*lfct)©#««l!**i4. L&tfoT* Ell 7 



K ^ S ft 5 J: 3 IC . fl-sfReadB ^ReadC 4: (£> CfS b T 

T*££o mfta^-f b^-hX, Y*66DA*tte*Writ 
eTypet J:oT*J»*n*-feU'^^ S LT*3i*R£ft£<> 

05 [0041] tttmmm mw>FP\j2*m^frftmm 

^CovvtaWB-i-S. Ell 8CiSSii5 

fc«pcDa©ws$s*»acDfc:*ijfflifS5 0 fpu 2 

tt, ^ h;bV 1 (= CXI, Yl, Zl, Wl) ) k 
10 V2 (= (X 2 , Y2, Z2, W2] ) i £ 1 

f tpr Vn, Vmiaot^^uh^? 

a o 

[0 0 4 2] fflgBAWAflC^tc J:S«iacDlRl6ttia 1 

15 9tf^ns. ^Jxii> bv J X^7 7"f;i/2 1 ©^ 1- 
;^^i>vot: [xi, y l , z l , wi] V4 

tC [X2, Y2, Z2, W2] #D — K^ftTV&fc© 

20 «IHS2 2 0 at:XlfcX2 3B«, SfS2 20btYl 
tY2tf, ^»g|2 2 0 c(CZ 1 tZ 2tK *»S2 2 
0dCWliW2#, *^5te?US<]t#ti^^tlS= HI 9 

v^sas, ttjurafeSMesttsaKT-^-r Zeiss' 7 h 

25 J f'Ste^&)gT4A^Aa»^2 2 6T-AP#^tl, *©iP 

© (c> »»'J^^©«w?»** s M?ija<]tfTt>ti?>© 

[0 0 4 3] 020 tttSfrffirt«tjRHt*^!C*SW V S?^ 

^7 7^;i/©^jffl{cii-rstt«i©-^JA s ^^nSo En 

-<^h;uv [m] i:V [n] (D^mmW^^Wj 
'Ml^^^FR [n+3] C|&(W-r5. ^^h;i/V 
35 [n] ©Mii??i'J^^l/^X^FR [n] , FR 
[n+1] , FR [n+2] , FR [n+3] (CD— K 
£*x£o ^CfntiO, 4, 8, 1 2©Mtl* i T*afe 
SfcFR [n] (itu!37D> hn>^®i/i;x^f ni; 

40 ©$tJE£JL U^FR [n] {i, ftJW!^Bank= 0 © 

i^i:i±i/^^FRj [n] icsu^-c e>n, SiJ»ft 

^Bank= lCi^tlil/^i'FRK [n] lzm*)%T 
Zti&o z<Dl±ffilz&\,^T, mz.&m 1 5©Bank= 0, 
ReadA= 0T*^- h A*5.©[ii^^?nfeS 

45 ^FRJ [0] , FRJ [1] , FRJ [2] , FRJ 
[3] hJ^r—^V Cn] 01 6©Bank 

= 0, ReadB=l-f^-bB^?>©tH^A J fi^$nfeU' 
^*FRJ [4], FRJ [5], FRJ [6], F 
RJ [7] K^hJW-^V [m] ^MltKs V 

50 [n] i:V [m] ®ftHft*iCi&£& 8 ffil©^^-^ 
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^£ft S . ■£© W 7 >f — )l> H £ *jtf S 1/ 
^©S^t-i±s V— 7. 1/ >>7^ * — > a > 

US?7*©*i5£fc: 4 try h£fflV>£„ 
[0 0 4 4] h-n/Sa***) «C mjf3FPU2 

fT4ai©£*fraitt3fiaL life »v»«ss©£ 

gtCt^T'lS. AHt««MT5U» Ptt^&*f#ti:;*ft 

(#£^7 Wi/*i^JM^i:*>;to1-S) ftrv b 
ack, Vntaot^ifctffgS. 

[0045] mtR** b ;i/ae«S[»#^ic <t s^awi©*?* 

BSfcfclH 2 2 £^ £ ft 5 o tfiJ* ^ff^iJttM y ^ ) * > 
7© 1 6#©l^77£12B;*ftSo ^l/t^h^l/f 
— * [Xi, Yi, Zi, Wi] l±7D>b^>^^i 

[0 0 4 6] c©^7 h;i/*8WtJMr^c iSfflatt, 

fill*,, [Xi, Yi, Zi, Wi] x [all, al 
2, a 1 3, a 1 4] £«IH/t*©fS**X i©«* 
K [Xi, Yi, Z i, Wi] x [a 2 1 , a 
2 2, a 2 3, a 2 4] ^SWOT^©^^ Y i ©fit 
aC5-f [Xi, Yi, Zi, Wi] x [a3 1, 
a32, a33, a34] bT^©^& Z i© 

iRiC?^ K [Xi, Yi, Zi, Wi] x [a4 
1, a42, a43, a44] £«I?LT^©*SJ[I£W 
i©iH«C7>f K ©»«*IHifc3£fTl-«. ife*©^ 

[0 0 4 7] ituHS^ h;U*j^JM^aW»«2 3T- 

^^ftst, ±8B«»©fi***Oi«*fT-3 &»©?* 

— *#US>;**7 7"f ;i/2 l^e>^SCf§2 2 0 a~2 2 
Od¥fc**&ai«Jfc:0«&;Sft*. 12 2T*{i|lIU<B3 
8Bffift&9S ^^F^KLSeB^ £© S L T ^ * 

tfcm*m.xAx-h%m^2 2 e-einntsfw *©joine 

© J; -5 V i?7> 7 7 r -Y ;i/© U — K*f^ V *JX 7 

■fztlz&t), "<7 b)V£Wt<Dfl£Mk$;?^mzm?>Z.tifi 

[0 0 4 8] 023 tttrnflB^^ Ml/£&?ft#fSr^fc:*i 
1^ 7 7 7 r ;i/ffl*iJ/8 £ HI" £ tt*i©— #] 2 ft 



£„ IP*>, ^<7 b;i/V [n] h^gSffjajMatrixi:©^ 
i^>>77V [n] t:±#§-r-s. ^7 h;i/V [n] ©JES 
^tt#»/J^«jSUS;^^FR [n] , FR [n+1] , 
FR [n+2] , FR [n+ 3] iZV — h*£ft£. 
05 T*n(i0, '4, 8, 1 2©f5Jft#T-& tj, StFR 

[n] ttiu!37P> h^N->^©l/^^f n{c*fj5B$ft 

tSl/y^^FB [0] ~FB [15] (g|2©b0~ 

b i 5£.ttfoztizi'i?x*) izmmzn&o us?** 
io 77^r;u2 i<Dmm±, i/^^fb [n] «u sums 

*fBank= Offli^tlil/^i'FRK [n] {Cf!|»5^T 
£> ft, #JWs^Bank= 1 (i U 7 F R J 

[n] fcffl&STfcft*. 

[0 0 4 9] C©ft«K*V^T» ^Slf??iJMatrixfcJu El 
15 1 5 C*jV>TReadType= 1 ffltt*iT-tf — h AA^Sf^JIft 
(3(±S^$ft, ^7 Wl/V [n] t±#— hB*»e>M5Ua«)K; 

masfts. «*tt«n©rt*Mirett, iai5*#^-r 

ftl£, ReadType = 1 , Bank= 1 , ReadA= 0 t<fcoT. 

FRJ [0] , FRJ [4] , FRJ [8] , FRJ 
20 [12] A>?>^&fT?'JMatrix©tglfTg#*- h A*»?> 

tH*/£ft, dftClfeffbT, Bank= 1 , ReadB=0tcJ; 

^T, FRK [0] , FRK [1] , FRK [2] , F 

RK [3] frb&M&m*** WI/ [Xi, Yi, Z i, 

Wi] *s#-hB*6tt**ft«. «*iftfc«l<3lHl 
25 ©rt^JUfft-Ji, ^ftttiC, HeadACiiaiRSl, 

2, 3©«t5fc^b*#fttt«tV>. BTK-h^pfe©';- 

ft5o 

[0050] -o©^* jismffflasia 

30 ©rt«t»WD«ttBI2 4Kw*ilSJ:5K:-'W7*^'f > 
ffl-ST-fftiftSo t), loC^T, 4o©yW7* 
>MS* s ^ff*ft4o f*l*SPS!lS©-o©yl^ 7 1 
t±, U^*'J-H^r-yRR, ^lSfltX^-i?F 

35 i^^^v-f h^r-yRW, SWBI^ft*«-rs*^7 

i?7N^ U-Rr-^RRIif^fflf3- KS!iat)^tr 
40 SfflOSWIC^T 1 — y*«Tff^^fcCa:6- H2 4© 

(1) ®/w 7°^-r >r-^ff sftssitatt, (fb 

[0], FB[4], FB[8], FB[12]) xV[n]©fg« 
J»ff^^fo-r^©iSS^^l/^^^FR[n](C7^ h U 

(2) ©/W7"^>T*!!ff£ft£iHli^!yitt> (FB 
45 [1], FB[5], FB[9], FB[13]) xV[n]Brt«S» 

4ff-3tfffl^MFR[n+l]IC7^ (3)©^ 

4 7 ; ?4>X'nfi£tiz>mw-$m&, (fb[2], fb 

[6], FB[10], FB[14]) xV[n]©f*3«SI»$:fTo-C 
-e©Sg*^FR[n+2]tC5-Y M, (4) Wr7^ 
50 >-CHfT^ftSigffmS(i, (FB[3], FB[7], FB 
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[in, fb[15]) xv[n]<Dftmmn&'if-2r-£<D&m 

£FR[n+3]{C5^ ffZtXDtZtlZo 75^4 * 

— i/a >UP77FR[n], FR[n+l], FR[n+2], F 

[0051] zcotz, -ao4iHi©rt«i*iicaac* 

It, Steatevw:/^ > (1) m^l/^i'?^ 

hRWtt, ltWH750 (4) VZl&mXsisT,? 

>J — KRR©«{c:^nTV>So gm-Tftfcf, V[n]©j$ 
#fciuKaa^*J©J^fcSl'S>**7r>r;i/2 1*»6 
mm bT rt**Htftff V^Rft*** ©*£S£ V ¥77 

^<&S«fc'5fc^ ByaS^O^fflM^©^^^ 

— ^W^^fr^T©^— ^ U — K$*xS*T?tt7^ 

[0 0 5 2] ^ bJVg&mW-lZ&ttZ'*? 
© V — 7 V ¥7 7 t. =r4 7 7- -i ^— */ a > U ^.X 7 £ |s] 
-MbTfc, IWKLXBttS:^. *IMiI«©'** Wl^ 

— KKfi-C-# SOT?, ^ Ml^l#L 
S$r#ffl1-S^n^^A©^J5K*s§^{C5B:?.. 3 

©££, S&iiu*©^— l/^^CSH$fiti 
fc£, 16*© 7 D > b My * **te8-J-*»»/J*iftlU 
* tc4{@©^ YfrT— *£d — K-T*U£, ^Wl^ 

© «t a 3&i6*©»»/j*jsi/ s?* * i mnnm.^ 
^©ia2s#'j>&<TSFtr. c*uc*tb-r, gmm&iDT* 
;^&f*K?©*fTtc 8 *©v?i&'J^^i^ s>** zm^-r 

^<7 h>l'$t&m#l£totf?>'<P bJ^—7<D'J—7V¥ 
7 7 4 77- 4 * — 3 > 1/ V 7 7 Z> Z 

*iajfiYb-r*©cwffl"ff*4. 

[0053] ciEB;*Baww m^m»yo >^22t 

fc^THU 8ifflBW««JMi©M- Yy^7^WLy—y 

t)> HftHra-*¥#«©iEfl*ttSKra^fcWK©3WB 

E«*fT5>JI4EWEaE»l©i: *IESKav*K*^fttc i: t 
i^S^JSC^rTlco^TIEKS^K©^-^ 



[00 5 4] £ CIT-fciU iuffiJSS^P v 7 2 2 £*Uffl b 
TIEKfc*3E6[©iEfelfl[fe*«e>SC4:tr3V^TattW-r*. 
05 ttTCBlKtS «J««&WiP b & F P U liHBfflf*H=rT- IE 

~ ©IE&^&i^r©tt*SfcJ:l2l 2 5 tcjj^ftsa *K &§b 

'j^^p 7 f r [o]t d- k sft&fcKf*-* c *r 

-T £IE&©fiI£?g* bT*sg*£ * F R [n] \Z 5 <i 
10 hU Ialb<, l^^FRtOlSCD-K^ftfe^Jg^ 
fc*t-rs *&©«&** bT*SS£ !✓ ^ * F R [n 
+l]kl^ h-TSo 
[00 5 5] 026 t JimitB^lfi^— # © v y h 

15 ^^®±ffil61f'y h fcTffil6lf -y b©**H^/J*jiSffi 

©h^nSc /hftjSMftB*«Efc±(ftl6lf«y M*EWE* 
(ffiR) /^ftjaffiBS«ttTffil6bTs; httlll 

*Efc2©l 6*a#JbT^»-r*. WK. T(516tf^ 
20 h ©fl©±ffi 2 tf h fct/hRj&WT 16tyb ©^— ^ 

ia&M^t-vy ht^v^T, ^(13 6 0° ti: 
1. OT-fetK 1 6jl*©b:y b/t^->fi "0 0 0 1 
0 0 0 0" i:^ti5. 
25 [0 0 5 6] IS*S#^rtt> ±ffi^lfl[7*— v«y h© 

[0 0 5 7] «IKtHSiE«ltt, HufB^K7 I -^©'J^^^ 

30 wti 6 tr>> h^>^/Witxhc©(tJ^{B{c^f &m$-m 
*<t*«[xc*f-r*iEaxtt*a©«[«H-tty-^i'i:b 

BUIB^'t^xtt, W^*FR[0]©/Jn» 
35 iSlWT7Ky H©«TttS0itlAUfcfllt4:-r*- 

fttt^js (77T» t<Dmmtm2 mm^tsti-c^ 

So IMxiil/^^FRlOlOiTffi* 1 ?) 1 0 try 

40 e>iiT«r>s. H2 sennas i~s 1 2 

tt, S^2 2 0a (FM0) , mm^2 2 0 b (FM 
1) , ?H»§§2 2 0 c (FM 2) , mnm2 2 0 d (F 
M3) , AXmm^2 2 6S:fflV>fcS»5!ia©rt^S: 

5ST-^bTt<>3o s 9^c^3v^■r#fl3£fe^s;^- i-siEK© 

45 jffi(Wfit* s 5l<to'5>^ (02 8£(£-£©^lBj£{L)Ka^£*X 
, S 1 2C#V^T*Eiefcl£fc:«fc'6s&8M5iEtt 
ffitf*»^tl-5 (B2 8(C(i^©^ll3£(L^*s^^nT 

[0 0 5 8] mifBS 1~S 1 2©«^tt (1) ~ (4) 

50 t-^^ns^-f 77^f >T-jaia$ns. Hua<©id(c, 
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^JS^-*©T&1 6 try h cDp*gcD_hfii 2 tfy Hi'.HS 
1 6 try h©5=-*££oT^;*tt5:giJgA s Jg 

-rs^KBSritist-s., [stz&-oT, ®mmt, mm±&. 

oT^^tis^jg^a-rs^Ritcufc^o-r) , tuts 
#rBi£^<tSS l 0, S l 2©jf5»iig*ffl^He^ 
^©jSSt^^ * F R [n]3Z.fcfc F R [n+1 ] © if*> £ 

&t>*5fc&©fit£*^ tcSil t> MT&>tlfzl'i'Z.& F R [n] 
X{±FR[n+l]t^1-^Ci;{c^So m&&(D±MR 

[0 0 5 9] 129 IZ ttituIBIE&sfc3£ifr^r£flfT f 3 
^©^^-^l/iiSPtl©^ — hvw tm&mu b 

0 2 9 ffl[fl]g&fflS;fcy:04©iW:/D y ^T-fe *K 04© 
S»7D-y^2 2CWLTv 8tTy h&tf6tTy bn^ih 
3fi§§3 0 0, ff»r-^3 0 1, -trl>**3 0 2~3 

1 2&mu£tltzs&1fimteZ>1zl?T-&Z>o U^^FR 
tO]©^Kr r -^{i#-hB[0]A i e.-5-^e.nS. 8fcTy 

h&t>*6tTy h?^i£3fi§g3 0 Oiil^*#FR[0]©g 
TISlOtTy hA^^dx^^fiSc-rsiUKT-fe-So ffift 

^—^1/3 o i (±ia 2 7 t^^cp^fst^-rsiE^jz.tt 

*&©HftA>-#©:r-*£#MfU ^IK^-^©Ttt 
!-©|*|©T{£5 try hCicTJ&S^tlS^JS 

1 6 try h©±ffi2 tf y bttSU«IgB{c:#t«&$iXSo fflffl 
mt, f£D2K7h«ft:fct, S5B34 A2/iD#§§fc: 

^FR [n]XttFR [n+l]©S^^$iJW1-S 

So fls AMBC^-TVl/ 3 0 1 jWE&t*— * z¥f^>m-& 

[0 0 6 0] IH 3 Ofcfc0 2 8© ( 1 ) Tf^tlSf U 
^ y .*©8Kft*>fcv^*£ M^t. 

03 18:0 2 8© (2) tT^n5S2XTy 7*C jSil 

(FM0) 2 2 0 a.<DmmmmtHzut">?3 

0 8, 3 1 lC7-f — K^y^£*rr^2>#> — K 
Myi7{i/Jx|S^WT©^i:^n (±{4fcfcO£:-r 5) , + 
l©^fef#5<t5{Cb-CV^. 03 2fcfc02 8© 
(3) T-^SftSf^X^yrC^tS^— *©i&ft£ 
*V^iCtot^t. 03 3fcfc02 8© (4) X'tfZ 
n&m 2 ^t 1 y 7*{C*5(t ST-? ©*fit*i£;*:o|i)&tt;: «t 
ot^t. 03 2&tf03 3 C*iV^«fMS*fe2flWJ 

mt%i%>&tc&mn%5oAjj ; 7 y ^©ssf £«i± lt^ 

©ttftfiHW*. H3 0 73SH3 2Cw**i**»»J» 

[0 0 6 1] Cr-^7n-b7it l©i5(St4D ±i3FP 



t> 4fl©^#§§2 20a~2 2 0dt 8ffl©&fllr'JM& 

05 04A^Di^2 2 6t«L^ Mff$§*£f#So 4 
A^iD*g§2 2 6©m^lC^t-5IE^tls IEISYbSt>*^L 
ft<£lffl©llB2 2 7SC<fcoTfT?<, 13 4tftf©ii 
#50,3 1 £ t* 3 5 s - * © Mft £ SI? b ^ v i J: ? m W 7 
d y^ 2 2©|&B&£^bTfeSo 

10 [0 0 6 2] B3 5fctt, ±83**:7 r ns>*2 2C*r-r 

fbSi>*Ato©fc»©HISSfc^ 2ffi|§:itT«fiK^ns. 0 
3 6 C{±±8B«#^n ^2 2 fc^*B'J©Jfc«0ii: b 
15 Tv ±E«RJ«lfiSfcIE«ftU iE»Ybaw?L»©&»© 
BB&fc*4^»ttfc*©#^S*i-tv>a. <BHx©ibtt 
**iaUM82:lE£{b* iHR<liavA»©fc»©ia 
»fc**»«^MJ!HbbfcfciiS?&v\i bfe#-=>T, 4 
x4©— o©rtWte*irrs»&fcHU IBB 

20 <b. iEft{bswA«>©fe»©a»ffl©ia»fei|iK3e5>jib 
*w»nt»tsEa<bx iE»fbav*i»©fc»©Eii&tft 

25 3o h;i/*«t»»©»&t:ttHt*<©«»*-Y^ 

fc«)©sstffi©[ai^tt> /u ?5"(>(D&oteifr^mft 

30 :J3VVC, 03 5M0 3 6fcS%SnS0l&«fiEtt> 

©»»^»ja«r^*»aaffi*ft 3 F*sfl?iJciqi±s*» 

[0 0 6 3] ±I3SSl^P * * 2 2 £fflV> 

h;uSE»«»©&»©^llfl«J«:S[J|c-9-'f 

h^**jR»©j*afbfe^sttj*s. c©«ta 

c % »ntrny4»2 2©«j«tt % fi*«IH"«^h;i* 
Dl»lf©!Kaftt:«ffbbTV^S. l@©a£JUW& 
WSn» C «t o T rttt ft 5RS!> % 3 1 *s T- S « * 5> . 

40 2A*jizM?zmmm»mz&®&frv&?tewm<bi& 

45 [0 0 6 4] !E«fk IE»fb&VA»EBtt*» 

*»iiei:ra«©EBMa«ft*-*-Sii:S:S:4©^ 0 
3 5X1*13 3 6©J;-3lcWWStlfx lEMfb^ iERIbXW 
A»© fc #>©[e]S&£ SiSlfim (cM^Jieg b fcfllfiKT- tiu 
^Kblc iotM b J: o fc-r*¥JSWS:«iflB*©lSl 

50 ±tctb^-T^ 3e?iKbtc:«tS^y7"S«©Jt^i J fl§«)-r^; 
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TV^„ B3 7©.fc-5K:*ffl**S 

feifflftW^S^fct^Sn?***** SISSI H©» • 

V? 2 2{±, lESfk IEWhSV3*L«)CD&»CDIlB2 2 

[0 0 6 5] rn-b v-y- 1 ©»»/J*ftjSlifr^H:16 

*{±1 6#££*l3o C©£d£fMiKJ©Tt::l3lvT\ V? 

-Z>\yV7.f n^^mW^>W^7T-i ;u2 ltiot 
IftSbT^S. £©i:£, ±t3^»f?'J:£&£*&iiirt-r5 

hvt>^icB«-j-*. ciUctD, #»/h»jiMltf*©tf 

-V h®.tWX4>*Wit^5 t> V— *©fH8rFfcJ3^T 

[0 0 6 6] ^ h;i/*ft«JMr^©£frfc:i3^ 

ffl;W77-f> (i) fcjfcw-ai^;**^ hRW#, 

i^Hr?-/ > (4) CM5l/^^'J-KRR 

C4{!©^ wi^— *£p— N*-f*U£> b 
;i/^«l#^r^4leia^«)C^T-r5Ci:A J T-t^ ^©«fc 
o 16#©S»/J«ja 1/ i^X * tWSSMlif-^ 
©P — FXfi^S^H^— ^©^U^©* \-Tm*(D 

t- 4 a > 1/ £ C tit, U 

[0 0 6 7] a9K*ftff?UB:lHHE*»cDi:SlES 
&t>*5fc&£^tr;:i:£&3o jBBfcfcKO^Tfc^T 
lEaCftVsfcSM^-^-^l/a 0 1 Zft-om&fcte, 

^tnz&z^v •Tmmvmttumt s z. t »-? § & 
^a,t-^.5©tn ^ntc^si^-^i/a o i-^s#^© 



¥#*©*£«« £ KIHHHI 0 i: K JfeO^ESCSMTJ #M> £ 

3©T% cnft*JfflbTIESAV*K©«[ftlRlfif (» 

[0 0 6 8] H3 8£5ot^©«fcd&7 ; — ^^o-fe^it^ 
10 >Sffl litf-^j(|liy^TACD70 y P -V Aft 

[0 0 6 9] HBIfc43V»T 1 t±±ffif ? — ^ :/n-fe y 1J\ 
4 0 ltt^-f ^ • • T^-fe* -^^'J 

(DRAM), 4 0 2&DRAM4 0 1 ICMir^T 
15 ^v;^;/^^^ U 7 1/ v> j-ffiiJPSfT O D R A 
Mftjfflglk 4 0 3liSRAMffe«. SRAM40 3B 
©flsHttW^-^c-BSffiMflW 
*:ifK:*lfflaf*xS. 4 0 4tt5*— ^n-fey-tf-loOS 
(Operating System) &if£ffi£*^-3R0MT*&3„ 4 
20 0 5(±Jia^BSiJ»gi5T*&f3. -ftSWt^^tlfc^BB 
W&B4 0 6»tf*- #-K4 0 7#«§l3ft-t^S. 
4 0 8^7^^77 7 4 0 9-^ia^bJoi:V^iliSt>* 

4 1 0fc*Tf 4»IB»J»fc«^M»Sff-5. 
25 4 1 H±mMM^ 4 1 2t±f^flfl9K:^*nfe^Tf* 
S. =f— 1 (i3*5c;^v7^ 

<D¥*h mmi us?** im.m<Dm e> titz v ©t 

l©n^ h*)(g<f|lx.?>n-rv>S„ bfeA s -oT> 03 8 
©^— J'XfACn^h^iitv 

A s T-^2>. bfe* s oT, ^©$lJ^}^i«bv^^t^^if 
^^^A^^m^So 

[0 0 7 0] Jet±*»W#K«toTS!*n&f5fl8ftiaK 
40 ^£ft5fc©-T-H:&<, J &©5gf*3®ffiib3StV>IEiBC43 

vi t m^? '^S qjt^-e * S z £ itm o * t* •& v > „ 
[0 0 7 1] «Att, H ltfttBlWbrv^^^ t 1 - 

©ffe©^^D<y^*^tfCi:* s T-§?.o *fe, ^-^ 

b> h^HSI^tftc^ 
^ ^Sr^^'J^^lx^^^r-f ;i/©n— K b 

50 tzQ, hfrg.8tmW<Dl&m*l'i?x*7-r-l )\sfrt> 
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[00 7 2] *fc, S*^©^JBBg«i±4fllil±T- 
4 A* Jnlfgg©«B£{±±f3llS&0!l {' RB£ S 
[0 0 7 3] *»B3©r-*^D * s»*tty-A 

Ziifi*X-gZ><, 
[0 0 7 4] 

©jit)T-&£o 

[0 0 7 5] t4t>% 4 f-*7Dts»m &«r/hft 
[0 0 7 6] 5 1 — ^T-p-fe^f-tt, IEMb^©fc«>©ll 

t, v?l&/J^^T-rt*s»-^^^ h;i/£att*©ffi&4b 

[0 0 7 7] -^7 h;i/*8WIJW^K^Ttt:7D> h 

;Si*M*©bTy haScfcb^^^Sfe^v^a 'J V— *©©JlKJ 
[0 0 7 8] ^fcv b^aaftiRJMr^OSSffC*'^ 

Tv -*©4 0©rt*MJWfl«tt» %a©ftMtt**a£i 

- KXttSSIMgJRT*— * ©^ ^ U -n©^ h rlM^Oll* 

;i/fHft**«w»b-r<&©c*rfl!"c*s. 

[0 0 7 9] «ilB«[l|c»t«»5 t -^;i'-* , 3Rlf» 

©7*-p;*y*|§|»;feiIAn*-3£i:fc*!>, H^iWISSc 

©segus £ e mat y k i^&© ^m^mmx sr© & n a «t 

[0 0 8 0] 5 s -* 7o-fev*li, *M&/bRjiMfr^©br 



So ufctfot, 3^h©«ft«±abv>H-nif*i, urn 
fliatma<b©s»*«j«m*«:v^«t5a, y-A«^> 

05 &3&£ttI3|E3. 

[01] *^©— miCfaZr— ■$>7v-tyV(D7vy 

[HI2] 01©? 1 — ^ya^-yV(D^tji\yP^.^m^,CD 
.10 !&HJ!0T-fc£o 

[03] i9l3FPU©— ffirD«y^ia-e*s. 
[04] mm-yvvtcD— m7vyi?we&Zo 

[05] *^di«3M?IB©-«^ny^iaTf*4. 

[06] n&m&SMD— myuvtmT'Sb&o 

15 [07] 7=7 4 mrfu y^IfJ&5. 

[08] 4A*iPjfS©-«5 r Dy^|gT?fe4. 
[09] 4A^D»gC^V^TInv [n] ©tttfcfU 
TCin [0] , Cin [1] , Cin [2] ©£&0f# 

20 [0 1 o ] u -ummmruj t** u —&ma 
[011] 4- 2a>7\syy-<D—mmwmx-S!)2> 0 

[012] l/i'^i'77'f;K5-i7D5'?E'Ci55. 
[013] bi^X^7 7"f ^^fiE-TS^W^^^y^ 
25 -7©*fi8ttlHiatf**. 

[014] ro^i/^^^mss©— mm 

j^0-r-$>?>. 

[015] U^X?77-f;i/©U-K*-fA©i^i 
«UiB^0T-feSo 
30 [016] uy^^77-f;KD l J-K^-fB©i#i 
«8&BJ0T-;i?>S„ 

[017] l/^77^f ;i/©'J — K/Jf— bC©SW£<8 

«UiB^0T-fei>o 
[018] rt«©lSifflfi(S*5%-i-KWBnf*S. 
35 [01 9] rt*aWf#^KJ:S«i31©«WS^-rrDy 

^0T'fc3. 

[02 0] rt«t»[||t^K*H-b^*7r'f ;i/©*Jffl 

c JH-t z>\±mo-mmmmx %> z> . 
[02 1] ^ bJimmm»(D-^iz^tmmx-& 

40 So 

[02 2] ^ h;u£Hiail9tff^icJ:2na©|RR|«^ 
t7D >y^0T*feSo 
[02 3] WU*»»*^C*JW-U5>;**7T-f 

;i/©*Jffl c 5tt«©-«BMIJiaT** * . 

45 [02 4] -o©^^ hMi^CJ;5IiIOW« 

[02 5] iES*K*^©tt«»lHiaT?**. 

[02 6] lEK^f^fcfUfliSftSAKT*--*©?* 

50 [02 7] &mm%<Dtzisb<D<p>bm£nm (?y7» 



I 
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[02 8] £JHffi«C(£o&m&#K^C«fc«iRIWBi 
[02 9] lE&&&fi}^&mft-t%tz)st)(Di%$ky : —7)l 

[03 0] 028© ( 1 ) 1 :/fc*5 

[03 1 ] 02 8© (2) -(tm^ti^%2^^y\Zii 

[03 2] 02 8© (3) T-^$tl2.^2X7 i ^7"(c43 
St*— *©«&h.**^S8fclC «t o T SVrBMBHT?* 

[033] 028© (4) X-^tl^m 2 vT'KiS 

5, 

[034] rttisrut^^^h^aEijijunt^i&ssff 
1- s & © t * # s ^- * ©aax v ^ 

[03 5] «W8tHtSi:iEa<b» iEmitRrf%tbcotztb 
© BBS 4: ft 2 ffl## fc at^JBil b & 4» © * ifcttWHi 

0T*&£o 

[03 6] *W«*»fcIESfk iBBMb2iWtL»©fc«> 

© iw& i: 4 c aejy s« u & *> © * ^ uMtsm 

0T-feSo 

[03 7] ^R*©fc&£*tffl8tff$&4fla^J3tt 
&ti©ft^-rJt«3KWB|-C**. 

[03 8] t*— y-tf-fciSffl Lfc^-^5QM^>^. 
rA©-M7n >y^0T*fe-5o 
[ffiF9©Kl»] 
1 t 1 — ^Dtiy? 

[03] 




2 S»/jN«jSli=. v h 

3 CPU 

4 5*— 
5 

05 2 o mMyvvv 
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